, result in emIntroduction bryonic/early larval lethality. The hypomorphic alleles mod(mdg4) u1 and mod(mdg4) T6 cause varied effects on Boundary or insulator elements are DNA sequences that insulator function, resulting in partial or complete restoregulate the interaction between promoter and enhancer ration of enhancer-promoter communication in some elements. Based on this property, it has been proposed cases while transforming the insulator into a nondirecthat insulators organize the eukaryotic genome into dotional silencer in others (Gerasimova et al., 1995) . For mains of gene activity, such that regulatory sequences example, the y 2 mutation is caused by insertion of gypsy present in one domain cannot interact with promoter in the 5Ј region of the yellow gene, between the enelements present in a different one (Gdula et al., 1996) .
hancers that control yellow (y) expression in the wings A few of these sequences have been characterized, both and body cuticle and the promoter. These two enin Drosophila and vertebrates, and, in some cases, prohancers cannot interact with the promoter as a consetein components of insulator elements are beginning to quence of the presence of insulator sequences, and be identified. For example, the scs and scsЈ sequences expression of the yellow gene is diminished: the tip of of Drosophila that flank one of the hsp70 loci interfere the male abdomen is colored black in wild-type flies but with the ability of various enhancer elements to activate it appears light brown in y 2 mutants. The hypomorphic transcription of a reporter white gene (Kellum and mod(mdg4) u1 or mod(mdg4) T6 mutations cause partial Schedl, 1991) . The BEAF-32 protein interacts with the suppression of the effect of the insulator on the body scsЈ sequences, and it is present in the interband regions cuticle enhancer, giving rise to a variegated phenotype that separate the characteristic bands of Drosophila poin which some patches of tissue appear black whereas lytene chromosomes (Zhao et al., 1995) . A subset of the transcription of the gene is further repressed in adjacent Fab-7 DNA sequences present in the bithorax complex cells (Gerasimova et al., 1995) . A similar silencing effect of Drosophila also has the properties of an insulator; was observed when the Su(Hw) insulator was placed these sequences separate the iab-6 and iab-7 regulatory between enhancer elements that control expression of elements of Abd-B and are responsible for the proper the even-skipped (eve) and the promoter of the white (w) parasegmental expression of this gene (Hagstrom et al., gene (Cai and Levine, 1997) or in some gypsy-induced 1996). In vertebrates, sequences encompassing the 5Ј mutations such as scute (sc 1 ) or lozenge (lz 1 ). Mutations constitutive hypersensitive site adjacent to the chicken in mod(mdg4) reverse the effect of the insulator in other ␤-globin LCR have been shown to act as an insulator gypsy-induced mutations (Georgiev and Gerasimova, element in both chicken cells and Drosophila (Chung et 1989) or when placed between regulatory sequences of the fushi tarazu (ftz) gene and the promoter of an hsp70/ lacZ reporter (Hagstrom et al., 1996) . These results suggest that low levels or partially functional Mod(mdg4) (Dorn et al., 1993; Gerasimova et al., 1995) . This and the previous observation by Dorn et al. (1993) E(var) 3-93D allele displays some homeotic phenotypes in adult flies prompted us to explore the possinumber or severity of homeotic transformations in two other trxG genes, absent, small or homeotic discs1 bility that mod(mdg4) could be a new trxG member. Here we present evidence indicating that, indeed, mod(mdg4) (ash1) and brahma (brm) (data not shown). When mutations in these two genes were combined with mutations displays the properties of a trxG gene. The results point to a link between the mechanisms of insulator function in mod(mdg4), the frequency of transformations increased dramatically (Table 1) To explore this possibility further, we analyzed genetic interactions between mutations in the mod(mdg4) and Escaper males carrying the mod(mdg4) E(var) 3-93D allele display homeotic transformations of the fifth to fourth abPc genes (Table 1) . Flies heterozygous for a deficiency of the Pc gene show a transformation of the second dominal segments (Dorn et al., 1993) . This observation is surprising in view of the finding of Mod(mdg4) protein and third legs into first leg; this transformation is easily visualized by the presence in the second and third legs ubiquitously distributed in embryos and imaginal discs (data not shown), suggesting that mod(mdg4) is not of males of ectopic sex combs characteristic of the first leg ( Figure 1B ). When Pc/ϩ flies are also heterozygous a homeotic gene. One possible explanation for these results is that the Mod(mdg4) protein regulates the exfor a mutation in mod(mdg4), both the frequency and severity of this transformation are reversed, and the sex pression of homeotic genes, as is the case for members of the trxG and PcG family. If mod(mdg4) is a trxG gene, combs are visible only in the first leg ( Figure 1C ). This result indicates that mutations in mod(mdg4) suppress mutations in mod(mdg4) should satisfy three criteria (Shearn, 1989) Figure 2B) . A second homeotic member of the TrxG proteins are thought to act by antagonizing the effect of PcG proteins, which repress the expression of Ant complex, Sex combs reduced (Scr), is expressed in a stripe of cells located in the most anterior region of homeotic and presumably other genes in a manner that can be transmitted through cell division. PcG proteins the ventral ganglion in wild-type third-instar larvae (Figure 2C) . This band is not observed in mod (mdg4) 16 / appear to form multiprotein complexes that permanently repress transcription of genes in the absence of other mod(mdg4) E(var) 3-93D mutants ( Figure 2D ). Mod(mdg4) also regulates homeotic genes involved in the development factors originally required to turn the genes off by a mechanism thought to involve alterations of chromatin of posterior body segments. Ubx is expressed in a band of cells in the ventral ganglion located posterior to the structure (reviewed by Paro and Harte, 1996) . The observation of a shared pathway in the function of a chromatin domain of Ant expression ( Figure 2E ). This stripe of Ubx expression is not detectable in the ventral ganglion of insulator and trxG and PcG genes is suggestive of a possible commonality in their mechanism of action. If mod (mdg4) 16 /mod(mdg4) E(var)3-93D larvae, suggesting that the Mod(mdg4) protein positively regulates Ubx expresthis is the case, mutations in trxG and PcG genes might affect the ability of the Su(Hw) insulator to interfere with sion ( Figure 2F ). Mutations in mod(mdg4) also affect the expression of the Abdominal B (Abd B) gene, which is enhancer-promoter interactions. To test this possibility, we examined the effect of trxG and PcG mutations on expressed in the most posterior region of the ventral ganglion during larval development ( Figure 2G) brown abdominal pigmentation in the fifth and sixth abBoth the penetrance and severity of the maternal variegated phenotype are enhanced by mutations in trxG dominal segments ( Figure 1E ), instead of the black pigmentation observed in wild-type males ( Figure 1D ), due genes (Table 2 ). For example, Figure 1G displays the abdomen of a male of the genotype y 2 ; trx ϩ mod(mdg4) T16 / to the effect of the insulator on the upstream body cuticle enhancer (Gdula et al., 1996) . This effect of the insulator trx B11 mod(mdg4) ϩ . The number of dark spots is decreased with respect to that observed in y 2 ; mod(mdg4) u1 on the body enhancer is altered by hypomorphic mutations in mod(mdg4), giving rise to a variegated phenomales, with only a few spots visible in a light browncolored background (compare Figure 1G with Figure 1F ). type resulting from different expression levels of the yellow gene in adjacent groups of cells ( Figure 1F ). In A stronger effect can be seen in y
ϩ males or when trx is combined with some cuticle cells, the effect of the insulator is reversed, resulting in normal expression of the yellow gene; in brm or ash1 ( Figure 1H ). Mutations in Pc cause the opposite result, reversing the effect of the insulator on other cells, the effect of the insulator on enhancerpromoter communication appears to be enhanced, furenhancer-promoter interactions and resulting in a wildtype expression of the yellow gene in the body cuticle ther repressing yellow gene expression. To examine the effect of trxG mutations on insulator function, we tested ( Figure 1I and amines dominant effects of mutations in trxG genes by sults of these experiments are summarized in Table 2 . the yellow gene, suggesting that decreased levels of Mod(mdg4) Colocalizes with Su(Hw) at Many Sites on Polytene Chromosomes these proteins enhance the inhibitory effect of the insulator on enhancer-promoter interactions. In contrast, mu-
Including the Gypsy Insulator
The Mod(mdg4) protein is present at approximately 500 tations in Pc impair the ability of the insulator to inhibit enhancer-promoter interactions, restoring normal exsites on polytene chromosomes of third-instar larvae from strains that lack gypsy elements (Dorn et al., 1993 ; pression of the gene. The effects of trxG and PcG mutations on insulator function at the yellow gene are not a Gdula et al., 1996) . Many or all of these sites might represent endogenous insulators. Since both Mod(mdg4) result of homeotic transformations in abdominal segments that cause changes in the pigmentation of the and Su(Hw) are components of the gypsy insulator, it is possible that they colocalize at many of these sites. cuticle, since these effects are not observed in flies carrying a wild-type copy of the yellow gene. In addition, Figure 3 shows data indicating that this is the case. The Su(Hw) protein is present at approximately 200 sites the same effect can be observed with other gypsyinduced mutations such as scute-1 (sc 1 ) and cut-6 (ct 6 ).
on polytene chromosomes, and Mod(mdg4) is found at every one of these sites ( Figures 3A-3C Figure 3D ), supporting the idea that Mod(mdg4) (Chang et al., 1995) , the results suggest that Mod(mdg4) might attach to DNA via both Su(Hw) and other unknown might not be a true trxG family member and that its protein(s).
effects on the expression of homeotic genes and the To test whether Mod(mdg4) and Su(Hw) colocalize at phenotype of trxG and PcG mutations might be indirect. sites where the gypsy retrotransposon is present, we
If the sites of Mod(mdg4) localization on polytene examined the distribution of these two proteins in polychromosomes correspond to endogenous insulators tene chromosomes from y 2 sc 1 /ϩϩ female larvae. Since other than those created by gypsy insertion, the results these flies are heterozygous for gypsy insertions in the suggest that TrxG and PcG proteins are not structural yellow and scute (sc) genes located at the tip of the X components of these putative insulators. This concluchromosome, one would expect to observe two closely sion still leaves open the possibility that TrxG and PcG apposed bands stretching across half of the polytene proteins form part of the insulator present in the gypsy chromosome. In polytene chromosomes from y 2 sc 1 /ϩϩ retrotransposon. To test this, we carried out doublelarvae, the Mod(mdg4) protein is present at two new labeling immunofluorescence experiments to polytene half sites at the tip of the X chromosome ( Figure 3H) , chromosomes from heterozygous y 2 sc 1 /ϩϩ larvae that and both Mod(mdg4) and Su(Hw) colocalize at these carry two copies of the gypsy retrotransposon at the tip sites ( Figure 3G ). These sites are not observed in larvae of the X chromosome. None of the TrxG or PcG proteins of the genotype y 2 sc 1 /ϩϩ; su(Hw) V -where su(Hw) V is tested was found to colocalize with Mod(mdg4) at the a null allele that does not produce protein ( Figure 3F) , site of the gypsy insulator, including GAGA ( Figure 4F ) suggesting that the Su(Hw) protein is necessary for the and Pc ( Figure 4G ). If TrxG and PcG proteins are not attachment of Mod(mdg4) to gypsy insulator sequences. structural components of the gypsy insulator, what is Interestingly, the Mod(mdg4) protein appears to be necthe mechanism whereby mutations in these genes affect essary to stabilize the binding of Su(Hw) to DNA. In the insulator function? One possibility is that TrxG and PcG presence of the hypomorphic mod(mdg4) u1 mutation, proteins regulate the expression of Mod(mdg4) or Su(Hw). the levels of Mod(mdg4) protein on polytene chromoWestern analyses of extracts obtained from adult flies somes are considerably reduced, and, in particular, this carrying mutations in various trxG and PcG genes indiprotein is not detectable at the site of gypsy retrocate that this is not the case. For example, the levels of transposon insertion ( Figure 3E ). In addition, overall levboth Mod(mdg4) and Su(Hw) proteins are the same in y 2 els of Su(Hw) also appear reduced, although this protein sc 1 ; mod(mdg4) u1 /ϩ and y 2 sc 1 ; trx ϩ ash1 ϩ mod(mdg4) u1 / is still present at most or all sites on polytene chromotrx B11 ash1 VF101 mod(mdg4) ϩ flies (data not shown), in somes including sites of gypsy insertion ( Figure 3E ). This spite of the strong effect of the trx B11 ash1 VF101 mutations alteration in Su(Hw) chromosomal levels is not caused on the ability of the insulator to repress enhancerby an effect of mod(mdg4) mutations on the total accupromoter interactions (see Table 2 ). The same result mulation of the Su(Hw) protein (see below).
was observed for mutations in other trxG and PcG genes (data not shown), suggesting that the effect of these TrxG and PcG Proteins Colocalize with Mod(mdg4) mutations on insulator function is not due to alterations at Some Sites on Polytene Chromosomes in the protein levels of known insulator components. A but Not at the Gypsy Insulator second possibility to explain the observed effect of trxG PcG and trxG genes that show genetic interactions with and PcG mutations on insulator function is that mutamod(mdg4) affecting insulator function might encode tions in these genes affect the ability of Mod(mdg4) structural components of the insulator, proteins that and/or Su(Hw) to interact with other components of the modify components of the insulator, or other chromatin insulator. To test this, immunolocalization experiments components required for insulator function. To distinusing Mod(mdg4) antibodies were carried out simultaneguish among these possibilities, we analyzed the distriously to polytene chromosomes from siblings of the bution of TrxG and PcG proteins on polytene chromogenotypes Results from proteins are also present at many sites on polytene several independent experiments consistently indicate chromosomes. In particular, GAGA has been found at a dramatic difference between the levels of Mod(mdg4) several hundred sites (Tsukiyama et al., 1994) , and approtein present in polytene chromosomes of y 2 sc 1 ; proximately 10% of these sites correspond to those mod(mdg4) u1 /ϩ larvae ( Figure 4H ) and its y 2 sc 1 ; trx ϩ where Mod(mdg4) is present ( Figure 4A Figure 4I ). The levels of Mod(mdg4) protein present somes; for example, Ash1 localizes to 108 sites (Tripouat sites of the gypsy retrotransposon as well as other las et al., 1996) and Trx binds to 25-63 sites (Kuzin et putative insulator sites in polytene chromosomes are Chinwalla et al., 1995) . Both of these proteins greatly reduced in flies heterozygous for mutations in also share a number of sites with Mod(mdg4) (Figures both mod(mdg4) and other trxG genes. The same effect 4B and 4C). Binding sites for Pc overlap with many of was also observed for Su(Hw), and for both proteins in those found for TrxG proteins (Tripoulas et al., 1996) . larvae heterozygous for the mutations brm 2 trx E2 (data Most sites for Pc do not overlap with those for Mod(mdg4) not shown), suggesting that TrxG proteins might regu-( Figure 4D ), although both proteins do share a few sites late insulator function by controlling the ability of ( Figure 4E ). These results indicate that Mod(mdg4) coloMod(mdg4) and Su(Hw) proteins to bind at the site of calizes at some but not all sites on polytene chromosomes with other TrxG proteins. Since TrxG proteins the insulator. The Mod(mdg4) and Su(Hw) Proteins Are spots per diploid nucleus, these results suggest that as many as 20-40 individual sites must come together in Present in Specific Subnuclear Regions Since Mod(mdg4) and TrxG proteins only share a small one nuclear location. This punctated pattern is not a general property of DNA-binding proteins; for example, proportion of the total number of sites at which these proteins are located on polytene chromosomes, and Ubx localizes to approximately 100 sites on polytene chromosomes when expressed in salivary glands but TrxG proteins are not present with Mod(mdg4) at gypsy insulator sites, it is not immediately obvious how mutaappears uniformly distributed in nuclei of imaginal disc cells ( Figure 5D ). Interestingly, the punctated pattern of tions in trxG genes can affect the ability of Mod(mdg4) protein to interact with the gypsy insulator. One possibilMod(mdg4) is lost in the background of a null mutation in Su(Hw); the subnuclear localization of Mod(mdg4) in ity is that TrxG proteins are involved in maintaining certain higher order chromatin structure or arrangement of flies carrying the su(Hw) V allele appears diffuse, although some small spots can still be discerned in these nuclei the chromosomes in the nucleus that is required for the assembly of a functional insulator. To test this possibil-( Figure 5E ). The distribution of Su(Hw) protein is also altered in flies carrying the null mod(mdg4) T16 or hypoity, we analyzed the distribution of Mod(mdg4) protein in intact diploid nuclei from imaginal disc cells. Figure  morphic mod(mdg4) u1 alleles; nuclei from imaginal disc cells of this strain show a punctated arrangement of the 5A shows that the distribution of Mod(mdg4) protein in nuclei of follicle cells is not uniform but, rather, is Su(Hw) protein, but the intensity of the spots is lower than in wild-type cells. Furthermore, these spots appear distributed in a punctated pattern that suggests the aggregation of Mod(mdg4) sites on chromosomes at a few to loose the localization in the nuclear periphery and are distributed randomly throughout the nucleus (Figspecific nuclear locations. Many of these sites appear to concentrate around the nuclear periphery. This puncure 5F). The punctated pattern of Mod(mdg4) distribution in tated pattern is also observed for Su(Hw) (Figure 5B ), and simultaneous immunolocalization of both proteins the nucleus could be highly significant to the understanding of the mechanisms by which insulators affect indicates that their sites of nuclear localization coincide ( Figure 5C ). Since there are several hundred sites of enhancer-promoter interactions. The observed spots might represent nuclear attachment sites that serve to Mod(mdg4) on polytene chromosomes and only 10-20 
organize the chromatin fiber into functional domains via for the Pc protein (Messmer et al., 1992) , suggesting that TrxG and PcG products might carry out their effects the interaction of Mod(mdg4) with other components of the insulator. An attractive possibility is that these on gene expression by a mechanism related to that of insulation. But unlike the subnuclear distribution obfunctional domains could correspond to the structural loops that have been observed in the organization of served for Mod(mdg4) and Su(Hw), the spots of Pc protein appear to be randomly distributed within the eukaryotic interphase chromosomes, which are attached to the nuclear matrix through sequences known as manucleus. This assumption was confirmed by double immunofluorescence experiments carried out in cells of trix attachment regions or MARs (reviewed by Laemmli et al., 1992) . To test this hypothesis, we carried out larval imaginal discs; the results suggest that the spots of Mod(mdg4) localization are present in nuclear comsimultaneous immunofluorescence experiments with antibodies against Mod(mdg4) and lamin, a well-known partments different from those of other TrxG and PcG proteins. For example, the GAGA protein, as well as Trx component of the nuclear matrix. Figure 5G shows that many spots of Mod(mdg4) localization coincide with the and Ash1 (data not shown), is distributed in the nucleus in a nonuniform punctated pattern, with spots of GAGA region of the nucleus where lamin is present; the same result was obtained using antibodies against Su(Hw) localization present mostly in the central part of the (data not shown). These observations suggest that insunucleus. To the contrary, sites of Mod(mdg4) and Su(Hw) lator sequences might exert their function by organizing localization are concentrated in the periphery and, in the chromatin fiber into functional domains of gene exgeneral, do not appear to overlap with those of GAGA pression that are similar or identical with the structural ( Figure 5H ). domains established by MARs.
The distribution of spots for the Mod(mdg4) and Su(Hw) proteins is dramatically altered in the background of trxG mutations that affect the function of the gypsy insulator.
TrxG and PcG Proteins Affect the Subnuclear Distribution of Mod(mdg4)
Immunolocalization experiments using Mod(mdg4) antibodies were carried out simultaneously to imaginal disc A similar punctated pattern to that observed for Mod(mdg4) and Su(Hw) has been previously described cells obtained from third-instar larvae siblings of the Figure 5J ). The punceffects of TrxG and PcG mutations on insulator function. tated pattern of Mod(mdg4) nuclear localization is lost If TrxG and PcG proteins are not structural components in cells heterozygous for mutations in both mod (mdg4) of the gypsy insulator, how can they mediate its effects and trxG genes; in these cells, the Mod(mdg4) protein on enhancer-promoter interactions? The role of TrxG appears to be localized mostly in the cytoplasm, and and PcG proteins in the regulation of gene expression only very few spots can be observed in the nuclear is complex. These proteins interact with relatively simple periphery. The same result was obtained for the Su(Hw) DNA sequences termed PREs to recruit additional proprotein, and this effect was also observed in larvae hetteins that appear to be distributed over large regions erozygous for the brm 2 trx E2 mutations (data not shown). on the genes whose transcription they control (reviewed The subnuclear distribution of Mod(mdg4) and Su (Hw) by Paro and Harte, 1996 Taken together, these results suggest that PcG and TrxG The Mod(mdg4) protein is present in the central region proteins might affect gene expression by organizing the of the nucleus instead of the nuclear matrix in these chromatin fiber within the nucleus into domains of higher mutant flies, with a few small spots distributed in a order structure. The observed effects of mutations in background of diffuse but intense staining ( Figure 5K) .
trxG genes on the structure and function of the gypsy The same effect was observed for Su(Hw) (data not insulator agree with this interpretation. TrxG and PcG shown). The alterations in the subnuclear localization of proteins affect the ability of the gypsy insulator to rethe Mod(mdg4) and Su(Hw) proteins as a consequence press enhancer-promoter interactions by modulating of mutations in trxG and PcG genes correlate with the the binding of Mod(mdg4) to the insulator. TrxG and effects these mutations cause on insulator function.
PcG proteins exert this effect without being present at the site of the insulator, suggesting a long-range interaction that can only be explained at the level of chromoDiscussion some/high-order level of chromatin organization. The punctated distribution of insulator proteins suggests Boundary elements or chromatin insulators interfere their involvement in organizing the chromatin fiber with the normal communication between enhancers and within the nucleus. The colocalization of Su(Hw) and promoters, presumably by organizing the DNA into funcMod(mdg4) proteins with lamin suggests that many inditional domains of gene activity. One of the critical quesvidual binding sites for these proteins come together in tions concerning chromatin insulators is that of the the same subnuclear region and that protein compomechanism by which they interfere with enhancernents of the insulator might establish this organization promoter interactions in a directional manner. The idenby attaching the chromatin fiber to the nuclear matrix. tification of the protein components of insulators and
The functional domains thus assembled might be similar the study of their properties and possible roles in other or equivalent to the structural domains created by MARs cellular processes might help answer this question. Re-(see Laemmli et al., 1992) . The TrxG/PcG proteins are sults presented here indicate that the mod(mdg4) gene also distributed in a punctated pattern within the nuhas the characteristic hallmarks of a trxG gene. Howcleus, suggesting a role for these proteins in the organiever, the Mod(mdg4) protein colocalizes with TrxG and zation of the chromatin fiber into higher-order domains. PcG proteins at few sites on polytene chromosomes, It is not known yet whether the sites of localization of suggesting that the observed effects might be indirect, TrxG proteins in the nucleus of interphase diploid cells and raising the question of whether mod(mdg4) should coincide with those for Pc. However, it is clear that the be classified as a true trxG gene. Some TrxG proteins, sites of localization of TrxG/PcG proteins are different such as Trx, appear to antagonize the function of PcG from those of Mod(mdg4)/Su(Hw). This observation, toproducts directly by binding to sequences identical or gether with the alterations of Mod(mdg4) and Su(Hw) closely linked to Polycomb response elements (PREs) subnuclear distribution observed in the background of and directly reversing the effect of Pc on transcription mutations in TrxG and Pc mutants, suggests a two-tier (Chang et al., 1995 u1 allele is a spontaneous mutation caused by insertion of the Stalker transposable element (Gerasimova et al., 1995) ; this mutation is viable and behaves genetically as a hypomorph. The mod(mdg4) T6 allele was induced by EMS and is caused by a point mutation that results in truncation of the Mod(mdg4) protein; the mod(mdg4) 16 allele was also induced by EMS, and the nature of the molecular defect responsible for this mutation is unknown. The mod(mdg4) 16 allele is embryonic/larval lethal and behaves as null. The larval lethality might be due to the presence of maternally derived RNA in the embryo (T. G. and V. G. C., unpublished data). mod(mdg4) E(var) 3-93D is a P-induced allele of mod(mdg4) described by Dorn et al. (1993) as E(var)3-93D; since the name mod(mdg4) predates that of E(var)3-93D (Georgiev and Gerasimova, 1989 ), we will refer to this allele as mod (mdg4) E(var)3-93D . Flies carrying this mutation display pupal lethal- Figure 6 . Schematic Model Explaining the Role of TrxG Proteins in ity with some escapers developing to the adult stage. To examine the Function of the Gypsy Insulator the effect of mod(mdg4) mutations on the expression of homeotic The diagram represents a cell (gray square) with a nucleus (dark genes, we carried out crosses between flies of the genotypes gray oval). The chromatin fiber is represented as a yellow line, and mod(mdg4) 16 /TM6B and mod(mdg4) E(var) some; these flies die during early pupa stages of development.
Immunolocalization of Proteins and Western Analysis
represented schematically in Figure 6 . TrxG/PcG pro-
The Mod(mdg4) protein was expressed in E. coli as a GST fusion teins form complexes at various nuclear locations that protein (Gerasimova et al. 1995) , bacterial extracts were loaded onto bring together, presumably through PRE sites, sequences a 7.5% preparative polyacrylamide gel, and the band containing from various regions of the genome to establish a first the fusion protein was isolated by electroelution. Antibodies were level of organization. Once this level is established, a
